
AD

Report 2389

EVALUATION OF THE PERFORMANCE OF

FILTER SEPARATORS WITH GASOHOL

August 1983

APR 3 ~:

Approved for public release; distribution unlimited.

CL. U.S. ARMY MOBILITY EQUIPMENT

C--) RESEARCH AND DEVELOPMENT COMMAND

FORT BELVOIR, VIRGINIA

*The U.S. Army Mobility Eqiiipmeint Research arid Development Command was renamed

SBelvoir R&D Center on 3 Oct 83.

84 04 02 060



Destroy this report when it is no longer needed.
Do not return it to the originator.

The citation in this report of trade names of
commercially available products does not corwtitute
official endorsement or approval of the use of such
products.

7 o



L NCLASSIFIED
SECURITY CLASSIFICA1iCN OF THIS PAGE '"on Dmeo Enrtered

REPORT DOCUMENTATION PAGE IREAD INSTRUCTIONS
RP T C EGI BEFCRE COMPLETING FORM

R REPORT NUMBER 12. GOVT ACCESSION NO. 3. RECPIENT'S CATALOG NUMBER

4. TITLE (and Subtitle) S. TYPS OF REPORT 5 PERIOC ZD'.DE;;E

EVALUATION OF THE PERFORMANCE OF FILTER No%-Dec 81
SEPARATORS WITH GASOHOL Final Technical Report

6. PERFORMING ORG. REPORT NuMBER

7. AUTHOR(.) 8. CONTRACT OR GRANT NUMBER(*)

William R. Williams

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK

Materials, Fuels, and Lubricants Laboratory AREA & WORK UNIT NUMBERS

US Army Mobiity Equipment Research & Development Command
Fort Belvoir, VA 22060

I1. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

US Army Mobility Equipment Research and Development Command August 1983
ATTN: STRBE-VF 13. NUMBER OF PAGES

Fort Belvoir. VA 22060 21
14. MONITORING AGENCY NAME & ADDRESS(if differtet frotm Controlling Office) IS. SECURITY CLASS. (of thils report)

Unclassified
IS&. DECL ASSI FICATION/DOWNGRADING

SCHEDULE

I1. DISTRIBUTION ... TEMENT (of thl Report)

Approved for publiC release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the Abatuact mitered in Block 20, If different r.om Report)

IS. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on revere. aide If necessaey ••d Identify by block number)

Gasohol
Alcohol Fuels
Coalesc.nce
Fuel Decontamination
Filter Separator

2IIT`RACT rCwatfe mi reiver efEft it raew m Idetutfy by block number)

his report covers decontamination tests conducted on military standard filter/coalescer elements

using unleaded gasoline and unleaded Gasohol (10 percent ethanol in gasoline). The use of Gasohol demon-
strated improved solids removal ability over that of gasoline. Water removal efficiency could not be mea-
sured adequately as the injection of water caused separation of the Gasohol into two phases. Filter coales.
.er element! used with Gasohol act as contacting columns in the presence of water- their use is

not recommended when water is present

D~ I J 1AN 473 ETION OF t NO t 
6$ IS OSSOLETE UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (WRhen Date Entered)



PREFACE

Authority for conducting the research described in this report is contained in the Science and
Technology Objectives Guide, 82-3:2, -3:11.

Tests were conducted during November and December 1981 in the POL Test Facility.
MERADCOM, Fort Belvoir, Virginia.

The work was conducted under the supervision of M. E. LePera, Chief, Fuels and Lubricant-
Division.

The following MERADCOM personnel participated in the test program:

William R. Williams, Chemical Engineer.
William J. Johnston, Engineering Technician.
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EVALUATION OF THE PERFORMANCE OF

FILTER SEPARATORS WITH GASOHOL

I. INTRODUCTION

1. Subject. This report covers perfornmance tests on a Military Standard Filter Separator
using regular unleaded gasoline and regular unleaded Gasohel.

2. Background. The Annv Gasohol program was initiated in late 1979 to determine
the effects of using Gasohol iii place of gasoline on the performance of Army vehicles and
ground support equipment. Later, the program was extended to include fuels-handling equip-
ment. collapsible tanks. and filter ceparators.

Filter separators are primarily designed to remove suspended water and solids

from aircraft fuels (turbine fuel and aviation gasoline). They are mandatory for use in the
refueling, of aircraft. They are also recommended for use with ground fuels-diesel fuel and
motor gasoline. Their effectiveness with gasoline has been determined to a limited degree, but
no data exist with Gasohol.

II. INVESTIGATION

3. Test racility. The test facility consists of a nominal 20-gal/min pumping
loqop capable of operation on a recirculating basis or on a single-pass basis. A schematic of the

pumping loop is shown in the figure on the following page. In general, the test facility is
similar to that described in Military Specification MIL-F-8901, "Filter Separator, Liquid Fuel

and Filter Coalescer Elements, Flhid Pressure: Inspection Requirements and Test Procedure
For." Two 3000-gal cylindrica! tanks serve as feed and receiving tanks. A centrifugal pump
circulates fuel from one tank to the other or within a single tank. A 20-gal/min Military Stan-
dard Filter Separator contains a single DOD standard coalescer element as the test item. Water
is injected into the fuel stream just ahead of the centrifugal pump creating a water-in-luel
emulsion which represents the influent to the filter separator. Solids are injected using a solids
feeder coupled to a positive displacement (Moyno) pump. Appropriate gauges measure fuel
temperature and pressure drop across the filter ,?parator. Water level in the effluent is
measured by a flow-type turbidimeter (Keene Model 861 B) calibrated to read suspended water
over the range of 0 to 5000 p/m. A sampling port just downstrean ,f the filter separator is

equipped for the collection of bottle samples and for the attachment of Millipore monitoring
equipment for determination of solids level and fiber count. A clean-up filter separator is used

to remove any residual water or solids that may have passed through the test filter separator. A
heat exchanger controls fuel temperature to within plus or minus 5 degrees. The high volatility

and flammability of the gasoline and Gasohol necessitated special safety precautions in-
eluding the use of a nitrogen purge system to evacuate air from the filter separator prior to
pressurization.
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4. Filter/Coalescer Elements. The filter/coaleseer elements used in the tests
conform to the requirements of Military Specifications MIL-F-8901 and MIL-F-52308 and are
standard DOD items listed under NSN 4330-40-983-0998. The test elements were from Lot No.
168-79. manufactured by Banner Filters.

5. Test Fuels. Approximately 1600 gal of regular unleaded gasoline was procured from
the Fort Belvoir Motor Pool. This fuel met the requirements set forth in Federal Specification
VV-G 1690. Prior to use. the gasoline was circulated through a filter separator for several
hours to remove any residual water or solids. After the tests with gasoline were completed. the
fuel was made into Gasohol by the addition of 10 percent ethanol. The ethanol has been
rendered completely denatured with gasoline and had a minimum purity of 199+ proof. The
ethanol met the requirenuents,-,et forth in the Code of Federal Regulations Booklet 27 CFR 212.
Mixing was accomplished by use of the circulating pump for approximately 2 h. The mixed
product was analyzed !or ethanol level and found to he within the standards set forth in
Military Specification MIL-G-53006.

6. Test Contaminants. Water injected into the fuel during the test was supplied by the
Fort Belvoir water utility system. Prior to use, the water was filtered to a residual solids level of
less than I mg/l. Solid contaminant was finely divided red iron oxide (Fe2 0:,) obtained from
Fisher Scientific Company (Cat. No. 1-116).

7. Test Procndures. The tests described in the following paragraphs were based upon
those described in Military Specification MIL-F-8901. Some modifications were necessary to
accommodate the unique properties of the fuel and the fact that only one test element was used
instead of two. All tests were performed first with gasoline and then with Gasohol. Most tests
were performed with the fuel being recirculated continuously within a single tank as the fuel
was not changed as a result of the tests and the clean-up filter separator ensured that any
residual contaminants were removed. For those tests involving water injection into Gasohol,
however, the fuel was allowed to make only a single pass-front one tank to the other. It was
thought that there might be some leaching out of ethanol as a result of the water injection so
that make-up ethanol might have to be added to the receiving tank at the end of the test.

a. "Jifferential Pressure and Media Migration Test. This test measured pressure

drop under normal operating conditions (no addition of contaminants) and the number of
fibers in the effluent. The fiber count was an indication that the fiberglass of the coalescer ele-
ment was being degraded by the action of the fuel. Fiber count was measured by a Millipore
0.8. 1p membrane with an irmprinted grid.
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b. Red Iron Oxide, Dry. This test measured the ability of the filter element to filter
out solid part"'icles. The same filter element used in the Differential Pressure and Media 3Migra-
tion Test was used ir. this test. Red iron oxide was injected at a fixed rate an,! at a fixed fuel
flow rate for 70 mia or until a pressure drop of 75 lh/in.'g was obtained. Measurements were
made of pressure de.op. temlerature. and solids lvel in the effluent. Solids level was measured
by using a Hillipore 0.d y Ilatched 9eight Monitor.

c. Water Removal. The water removal test was a 1-h test with new filter elements
installed. During the first 30 miki. water was injected at the rate of 0.5 percent; the second 30
min, water was injected at the rate of 5.0 percent. Presswre drop and temperature were re-
corded. Water level in the effluent was measured with a turbidimeter and by volumetric
analysis of bottle samples.. In addition, ihe water eparated by the filteri-eparator was collected
and its volume meqsured and compared with the total volume of water injected to calculate the
percent separated.

d. Post Environmental. This was a niodified water removal test using new filter
elements that had been presoaked in the test fuel for 72 h prior to testing. After soaking, the
filter elements were examined for deterioration, elastomeric swelling, etc. The test required
water injection at the rate of 0.5 percent.

I11. DISCUSSION

8. Discussion of Results. Test data are shown in Tables I through 4. vomparing
gasoline and Gasohol results. Significance of tCie test results, test by test, is as ;ollows:

a. Differential Pressure and Media Migration. Little significant differences in the
differential pressures were noted. The higher fiber count for Gasohol may indicate that the
alcohol was causing some filter element deterioration, possibly due to a solvena action on the
internal sealants.

b. Red Iron Oxide, Dry. While sample analyses were scattered, examination
of the filter elements and the pressure drop data clearly indicates that Gasohol tends to en-
courage solids removal. The Casohol filter element showed red iron oxide caked on its inside
periphery; the gasoline element hail red iron oxide lileeding throughout its diameter. Likewise.
the high-pressure drop for Gasohol was caused by the large quantity of soi.ds retained by the
element. It is thought that the alcohol in the Gasohol counteracted the snrfactant action of the
detergent additives in the gasoline. The surfactant tended to surrouind each microscopic solid
particle preventing agglomeration and retention on the fiber bed of the filter.
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e. Water Removal. The differencen between gasoline and Gasohol in this teet
are dinaiatie. Tihe gasoline test demo~nstrated that [lie filter separator was coahlescing lihe
suspended water droplets. The effluent water level indicated that gasoline was less effeitive

"• ~than turbine fuel but more effective than diesel fuel in its ability to effect water coalescence.
"There is no eaidence that ans coalet,cenet took plae( with Gasohol. Instead, the filter separator

V appeared to act as a contaetin|, colmni. The injected water caulsd separation of the (;asoholp into phases: a fuel rich phase and an ethanol-rich phase. The lower phase-the ethanol-rich
phase-was continuously drained off the botoni of the filter separator. This phase was found
to be mostly gasoline with some ethanol and water. The upper or fuel-rich phase passed into
the effluent after it had been stripped of much of its ethanol. It also contained large qua|•tities
of suspended water. The lower prt ,ure drop experienced with the Gasohol was another indica-
tion of the lack of any real eoalescence. Much of the water passed through the effluent and got
back to the rcceiN ing taiik where it caused separation of about 1700 gal of Gasohol; only after
several decantations was some of the fuel saved.

d. Post-Enironmental Water Removal. This test turned out to Iw a repetition
of the Water Renimoal Test. The g4,•erning factor was. once again, the huge, quantity of water
in the Gasohol effhwulit: the eni irunnicital factor couhi not Ie e aluated.

IV. CONCLUSIONS

9. Conclusions. Based upon the results obtained, it is concluded that:

a. Gasohol niav lhave sonic deleterious effects onl the integrity of filter coalescer
elements.

b. Fiher separators show improved solids removal ability when tested with Gasohol
over those tested with gasoline.

c. No effective coalescence of water from Gasohol can he accomplished.

d. Filter separators are not recommended for use with Gasohol except when the fuel is

dry and contains a high-solids !evel.
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